Bortezomib is a proteasome inhibitor, approved for treating newly diagnosed and relapsed multiple myeloma (MM). This realworld, multicenter, observational, non-interventional study of bortezomib was designed to collect and analyze prospective data in Taiwanese patients with relapsed or refractory MM. The primary endpoints included clinical effectiveness outcomes (disease response, disease progression [PD], time-to-response, time-toprogression, response duration, and overall survival [OS]). Secondary endpoints were safety and healthcare resource utilization.
Introduction
Incidence of multiple myeloma (MM) is increasing in Asian countries (including Korea and Taiwan) owing to rapid industrialization and increased life span. 1, 2 In Taiwan, the incidence rate of MM is 0.75/100,000 individuals and mortality rate is 0.59/100,000 deaths. 1 The introduction of novel therapeutic agents (proteasome inhibitors and immunomodulatory agents), and advances in supportive care have substantially increased response rates and patient survival in MM. 3, 4 Bortezomib, a proteasome inhibitor, is approved for treating patients with newly diagnosed and relapsed MM in the United States, [5] [6] [7] and for treating MM in Europe and several other countries (including China). 8, 9 Bortezomib with dex-
[page 16]
[Oncology Reviews 2019; 13:377] amethasone exhibits a favorable safety profile and overall response rate (ORR) of up to 67% in patients with relapsed and refractory MM. 10, 11 Bortezomib is associated with low incidences of thromboembolic complications, and may provide a better safety profile than immunomodulatory agents like thalidomide and lenalidomide. 12 Bortezomib plus melphalan-prednisone has shown to significantly improve outcomes in patients newly diagnosed with MM and ineligible for high-dose therapy. 13 However, variability between results from clinical trials and those observed in routine healthcare are common in cancer treatment. We report results from an observational study conducted in Taiwan that was designed to evaluate safety and efficacy of bortezomib in patients with relapse or refractory MM, with ≥1 prior chemotherapy regimen, in a real-world practice scenario (VEL-CADE® Observational Study Protocol 26866138MMY4055).
Methods of research Participants
Taiwanese patients (of either sex) aged ≥18 years, with relapsed or refractory MM and ≥1 prior chemotherapy regimen were enrolled. All participating patients had already initiated bortezomib therapy within the approved indications. Patients having contraindications listed in package insert (VELCADE ® , registered trademark of Millennium Pharmaceuticals, Inc., Cambridge, USA) and participating in another investigational study of bortezomib were excluded.
Patients received the usual treatment and investigations for their condition and were not exposed to experimental investigations during the study. The prescription of bortezomib was not decided in advance by the VELCADE® Observational Study protocol, and separated from the decision to include the patient in the study. The de-identified patient data were encrypted as dictated by international data protection laws.
The study was conducted in accordance with the ethical principles that have their origin in the Declaration of Helsinki, consistent with Good Clinical Practices and applicable regulatory requirements. The study protocol and informed consent form were reviewed and approved by the Institutional Review Boards and/or Independent Ethics Committee at all sites. All enrolled patients provided written informed consent for their participation in the study.
Study design
This was an observational study conducted in Taiwan (7 sites) to document the use of bortezomib in patients who were initiating bortezomib therapy within the approved indication in a real-world setting. The study was conducted between 23 March 2011 and 24 September 2015.
The duration of the study was set prospectively for 4 years from the date the first patient initiated bortezomib. The patient recruitment period was two years. Data collection occurred at baseline and at the end of each cycle of bortezomib therapy via paper-based case report form (CRF), with the exception of SAEs, which were reported within 24 hours of knowledge of the event to the assigned local operating company designate. All patients were followed up to 2 years post treatment; subsequent therapies for MM were documented during the entire post-treatment survival follow-up period up to two years. For patients who discontinued bortezomib before disease progression (PD) and for those who progressed while on bortezomib treatment, post-treatment followup was continued every 12 weeks. For patients who reinitiated bortezomib, data collection was done as per the bortezomib treatment period documentation process. All concomitant treatments were recorded up to the conclusion of the last cycle.
All bortezomib dosages were eligible for the study. Bortezomib was administered as a 3-5 second bolus intravenous injection through a peripheral or central intravenous catheter followed by a flush with 9 mg/mL (0.9%) sodium chloride solution for injection.
Dose adjustments and cycle delays were at physician's discretion. Bortezomib treatment was withheld at the onset of any Grade 3 non-hematological or any Grade 4 hematological toxicities, excluding neuropathy, and was re-initiated following resolution of toxicity symptoms, at 25% reduced dose (1.3 mg/m 2 reduced to 1.0 mg/m 2 ; 1.0 mg/m 2 reduced to 0.7 mg/m 2 ). If the toxicity was unresolved or in case of recurrence, bortezomib was discontinued unless the benefit of treatment clearly outweighed the risk. Management of bortezomib-related neuropathic pain and/or peripheral neuropathy is presented in Table S1 . Patients with preexisting severe neuropathy were treated with bortezomib only after careful risk/benefit assessment.
Concomitant medication
Except investigational compounds, all other concomitant medications (bisphosphonates, colony stimulating factors, erythropoietin, platelet and red cell transfusions, loperamide, prophylactic antiemetic, antineoplastic therapy, antibiotics, and non-steroidal anti-inflammatory agents), anti-MM agents (including systemic corticosteroids, clarithromycin, and thalidomide), and treatments consonant with real-world practice (orthopedic surgery, kyphoplasty, emergency local radiotherapy) were allowed during the study.
Efficacy
The primary endpoint was to evaluate the clinical effectiveness outcomes associated with bortezomib (disease response, disease progression, time-to-response, time-to-progression, response duration, and overall survival [OS]). Disease response was classified as complete response (CR), near CR (nCR), very good partial response (VGPR), partial response (PR), and minimal response (MR), stable disease (SD) or PD. The ORR was defined as the proportion of patients with CR, nCR, VGPR, PR, and MR. The methods and criteria used to evaluate the disease responses were chosen and recorded by the physician. Commonly used response criteria included the EBMT criteria, 14 Southwest Oncology Group criteria, 15 and the M-protein criteria 16 for disease response.
Disease progression included PD and relapsed CR (RCR). Time-to-response (from first dose of bortezomib to first response [CR/nCR/PR/MR]); response duration (from first response to first documented PD [determined as the first indication of progression, e.g. sufficient elevation of M-protein, new skeletal event, etc.], RCR, or death); time-to-progression (from first dose of bortezomib to first documented PD or RCR); and OS (from first dose of bortezomib to death) were also assessed.
Safety
Safety assessments included monitoring of treatment-emergent adverse events (TEAEs), skeletal events (fractures, irradiation of bone, surgery on bone, spinal cord compression), clinical laboratory parameters, electrocardiograms, vital sign measurements, and physical examination. All AEs were assessed using the National Cancer Institute Common Toxicity Criteria for Adverse Events (NCI CTCAE v3.0) and were monitored through 30 days after the last bortezomib dose.
Health care resource utilization
Assessments included number of bortezomib dosages (in mg per m 2 of body surface area [BSA] ) and duration of each cycle, emergency visits, number and duration of hospitalization, therapeutic procedures (e.g., surgery), diagnostic radiography and laboratory procedures, concomitant medications used (including overthe-counter and prescription medications).
Statistical analysis
Since this observational study was designed to generate data for informative purposes, it was descriptive than comparative, and no formal hypotheses were tested in this study. The sample size was mainly determined by pragmatic considerations. Total 100 patients who were initiating bortezomib therapy were to be enrolled. Analyses were carried out on all-patients analysis set (all patients enrolled and treated with bortezomib). Safety analyses were performed on patients who received ≥1 dose of bortezomib (safety population).
All statistical analyses were performed using SAS ® version 9.4 (Cary, NC, USA). The continuous endpoints were summarized descriptively. The number and percentage of patients for the different response categories were tabulated and two-sided 95% confidence intervals (CI) presented. Estimates of the time-to-event endpoints (response duration, OS, and time-to-progression) were obtained using the Kaplan-Meier method. Safety and healthcare resource utilization parameters were summarized descriptively.
Results

Demographics and baseline characteristics
Total 47 of 100 enrolled patients completed the study and 53 were withdrawn from the study (including 48 deaths [PD-related deaths: n=35, AE-related deaths: n=12, death due to other reason: n=1, heart failure]), loss to follow-up: n=5). All enrolled patients received ≥1 dose of bortezomib. Of the 100 patients, 49 were men; the median age was 64.9 years (range 37.0-85.5), with 50 patients ≥18 to <65 years of age and 50 patients ≥65 years of age. Most patients had advanced disease (Stage IIIA as per Durie-Salmon criteria) at baseline (Table 1) .
Prior therapies and concomitant medications
The majority of patients received chemotherapy (n= 80) or hormone therapy (n=77) prior to study entry. The most frequently (≥50 patients) used prior chemotherapy medication was thalidomide (n=57) while the most frequently (≥40 patients) used prior hormonal medication were dexamethasone (n=49) and prednisone (n=43) ( Table S2) .
The most frequently (≥50 patients) used concomitant medications were dexamethasone (n=79), acetaminophen (n=60) and thalidomide (n=59). Subsequent to the last bortezomib cycle, 58 patients received chemotherapy (thalidomide: n=22, cyclophosphamide: n=9, melphalan and lenalidomide: n=5 each, bortezomib: n=4, other drugs: n=19), 47 patients received hormonal therapy, 9 patients received immunotherapy and 1 patient received radiotherapy for treating MM.
Treatment compliance
Majority of patients received bortezomib 1.3 mg/m 2 dose during the study (Cycle 1: 87%, Cycle 2: 80%, Cycle 3: 84%, Cycle 4: 82%, Cycle 5: 84%, Cycle 6: 81%, Cycle 7: 82%, Cycle 8: 81%; Cycle 9-11: 100%) followed by 1.0 mg/m 2 dose (Cycle 2: 5%, Cycle 3, 4 and 5: 3% each, Cycle 7 and 8: 1% each). Nine patients had one-dose adjustments during the study (Cycle 1: n=3, Cycle 2: n=2, Cycle 3: n=1, Cycle 4: n=2, Cycle 6: n=1) while one patient each in Cycle 2 and Cycle 3 had dose adjustments done thrice and twice respectively.
Efficacy
Patients had disease assessment done during Cycle 1 (7 patients) to Cycle 8 (3 patients (Table 2) . At the 25 th percentile, the time-to-response was 4.68 months (95% CI: 3.2 months, not evaluable) ( Table 3 , Figure 1 ), while the response duration was 10.08 months (95% CI: 2.3, 28.6 months) (Table 3, Figure 2) . Overall, 35 patients with response had PD (including death due to PD) or RCR and 65 patients maintained response during the study. At 25 th percentile, the time-to-progression was 11.28 months (95% CI: 6.2, 20.2 months) (Table 3, Figure  3) . Data from 54 patients were censored for the Kaplan-Meier estimates of death, and 46 patients died during the study or follow-up. At the 50 th percentile, the median survival time was 30.72 months (95% CI: 18.2 months, not evaluable) (Table 3, Figure 4) .
Time-to-response was defined as the duration in days between the start date of bortezomib therapy and the date of first documented evidence of response including CR, nCR, VGPR, PR or MR. Median time-to-response could not be evaluated.
Duration of response was defined as the duration from the date on which response documented until PD, RCR, and death due to PD among patients who had a response. Time to progression was defined as the duration in days between the start of bortezomib therapy and the date of first documented evidence of confirmed PD (including death due to PD) or RCR. (Table 4) . Total, 71 patients had TEAEs persisting while 14 patients had TEAEs resolved at the end of the study. Of the 99 patients, 19 patients received ≥1 concomitant medication for a TEAE during the study.
The most commonly reported (>30% patients) TEAEs was diarrhea (n=32). Total 14 patients reported peripheral neuropathy ( Table 4 ). The most common treatment-emergent SAEs were pneumonia (n=17), sepsis (n=7), pyrexia and septic shock (n=6 each), and herpes zoster (n=5).
Most patients (≥62 patients) received only 4 cycles of bortezomib therapy and had routine hematology and biochemistry laboratory evaluations from baseline through Cycle 4. The mean (SD) platelet count decreased from 188.7 (118.3)×10 3 /µL (baseline, n=94) to 154.3 (108.4)×10 3 /µL in Cycle 1 (n=96) and increased to
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Figure 1. Median time-to-response following bortezomib therapy in Taiwanese patients with MM (all patients analysis set).
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[Oncology Reviews 2019; 13:377] a Time-to-response was defined as the duration in days between the start date of bortezomib therapy and the date of first documented evidence of response including CR, nCR, VGPR, PR or MR.; b Duration of response was defined as the duration from the date on which response documented until PD, RCR, and death due to PD among patients who had a response; c Time-to-progression was defined as the duration in days between the start of bortezomib therapy and the date of first documented evidence of confirmed PD (including death due to PD) or RCR; All percentages are calculated based on number of patients. increased from baseline to Cycle 3, while the mean serum total protein levels were significantly (P<0.05) decreased from baseline to Cycle 4. There were no other clinically meaningful and significant mean changes from baseline in any of the chemistry parameters over time. There were statistically significant decrease (P<0.05) in mean changes from baseline through Cycle 8 in IgG protein (n=8~33) and through Cycle 4 in IgA protein (n=14~17). There were no other statistically significant mean changes from baseline to Cycle 9 in any of the efficacy laboratory evaluations.
At baseline, the mean (SD) percentage of plasma cells in bone marrow of 72 patients was 42.3 (28.0)% and 19 patients had ≥3 bone lesions. For patients with available data (C1, n=1; C3, 2; C4, n=5; C6, n=3; C8, n=2) one patient in Cycle 1 had 43.2% plasma cells in bone marrow and 1 patient in Cycle 5 had 11.6% plasma cells in bone marrow while 2 patients each in Cycle 3 and 8, 5 in Cycle 4 and 3 in Cycle 6, the mean plasma cells in bone marrow was <7%.
Eight patients had extramedullary plasmacytoma at baseline. The most commonly (≥3 patients) used methods for evaluation were physical exam (n=3) and other methods (including echocardiogram and x-ray; 3 patients) while plasmacytoma biopsy was performed for 4 patients. Following bortezomib treatment, only 4 patients (Cycle 2: n=3; Cycle 4: n=1) had extramedullary plasmacytoma (confirmed by biopsy). Fewer patients (n=7) had ≥1 new skeletal event with spinal cord compression (Cycle 2 and 3: n=2 each) being the most common new skeletal event during the study.
Healthcare resource utilization
Total 42 patients had emergency visits and 50 patients were hospitalized during the study; however, the number of patients with emergency visits decreased from Cycle 1 (n=25) to 8 (n=4) and further during follow-up 3 (n=1). Also, the number of patients who were hospitalized decreased from Cycle 1 (n=17) to 8 (n=4), and follow-up 1 (n=1). Most of these patients were hospitalized for infection (Cycle 1: n=6, Cycle 2: n=7, Cycle 3, Cycle 7, and follow-up 1: n=1 each). No patient was hospitalized for blood transfusion. The mean (SD) number of hospital days was 18.1 (19.2) days; the mean (SD) number of hospital days varied from 12.3 (9.1) to 25.0 (20.1) days (except in Cycle 8: 6.3 [4.7] days). Overall, 91 patients received ≥1 blood transfusion during the study. However, the number of patients receiving ≥1 blood transfusion decreased from Cycle 1 (n=27) to 9 (n=1), and follow-up 1 (n=1). The number of patients with diagnostic radiography did not vary greatly from Cycles 1 to 4 and ranged from 4 to 6. One patient in Cycle 8 had diagnostic radiography. No patients had diagnostic radiography in Cycles 5 to 7 and Cycles 9 to 11. Residual/recurrence disease was reported in 1 patient each in Cycle 1, 2 and 3, and 2 patients in Cycle 4.
Review
Discussion
Proteasome inhibitors and immunomodulators have therapeutic advantages over conventional strategies, and hence have emerged as a more feasible treatment option for patients with relapsed/refractory MM, particularly those ineligible for high-dose chemotherapy. 17, 18 Several studies have established the efficacy and safety of bortezomib in the Caucasians, 10, 11, 13, [19] [20] [21] and Asians. 22, 23 However, as clinical trials are restrictive in their setup and design, 24 the current observational study was designed to simulate the real-world practice scenario and help insight into the therapeutic feasibility of bortezomib in Taiwanese patients with relapsed or refractory MM.
The majority of patients received bortezomib 1.3 mg/m 2 and did not require dose adjustment during the study. Literature suggests that maximum inhibition (73-83%) of 20S proteasome is observed at this dose. 25 The response duration (10.08 months) is consistent with that observed in the Caucasian populations (12.7 months). 20 This being a real-world study, investigators only reported results from assessments that they considered necessary at each visit, thus only a very small number of patients had any kind of assessment done at each cycle. Data was hence insufficient to derive the ORR for this population. Nevertheless, cycle-wise ORR was determined to evaluate the effectiveness of bortezomib in these patients.
Of the evaluable Taiwanese patients with MM, the majority demonstrated PR; this is consistent with earlier studies in Asian population (25%-42%). 22, 23 Furthermore, although SD status was not achieved in most patients, those demonstrating PD were notably few. These findings are consistent with global and Asian studies, 20, 22, 23 which supports the therapeutic advantage of bortezomib when introduced early as salvage treatment in the course of disease. It should be noted here that although studies have demonstrated that higher response quality is associated with longer response duration and survival, [26] [27] [28] not all studies show an absolute benefit of achieving CR, and there may exist a subgroup of patients who may obtain prolonged survival often without ever achieving CR. 29, 30 For such a subgroup treatment emphasizing depth of response may be too toxic and less beneficial. In such cases the goal is to obtain the best possible response while managing toxicities. However, as most of the patients received only 4 cycles of treatment, the efficacy could not be assessed completely in the present study. Although agents including bortezomib show high anti-MM activity, most patients with MM eventually relapse, including those who achieved CR with the initial therapy. However, in the current study no patient had RCR during the study or follow-up. Thus, the efficacy results of this observational study in real-world setting demonstrates the utilization and feasibility of bortezomib, confirming its use in Taiwanese patients with relapse or refractory MM.
The safety profile of bortezomib was similar to that observed with other global studies and no unexpected safety findings were observed. Although thrombocytopenia and osteoporosis are the most common TEAEs reported, 6 both events were low in this study (thrombocytopenia: n=18; osteoporosis: n=1). There were very few clinically meaningful and significant (P<0.05) mean changes from baseline through Cycle 8 in the hematology laboratory parameters and most of them were related to MM. There were few emergency visits and hospitalizations during the study. Deaths due to TEAEs, SAEs and AEs leading to discontinuation were also low in this study. Thus, it indicates that bortezomib produces a manageable toxicity profile in the Taiwanese population.
According to the rule of reimbursement by Taiwan national insurance, all the MM patients can use maximum 8 cycles of bortezomib before disease progression. Therefore, most of the patients in this study could use full dose bortezomib 1.3 mg/m 2 before disease progression or withdrawal that demonstrates tolerability of bortezomib in RR MM patients. Study results suggest that approximately 40% patients require more than 4 cycles of bortezomib and approximately 25% patients need more than 8 cycles.
One limitation of this observational study was that the majority of patients (≥62 patients) received only 4 cycles of bortezomib therapy and hence the complete efficacy and safety profile of bortezomib could not be assessed. Being a non-interventional study, investigators were not obliged to perform every assessment at every visit listed in the protocol, thus the number of patients who had effectiveness or health care resource utilization assessment done was very low throughout the study.
